Calcium homeostasis is disturbed in diabetes mellitus both in man and in rats with streptozotocin induced diabetes.56 In man decreased plasma calcium, hypocalciuria, and decreased bone formation have been recorded.67 As defects in proinsulin cleavage to insulin, leading to increased circulating concentrations of proinsulin conversion intermediates, have been proposed as a possible aetiological mechanism in non-insulin dependent diabetes,8 this would be a possible site for calcium and glucose homeostasis to interact. Acute effects of calcium loading, which might be expected to influence calcium dependent secretion, were investigated in outpatients with nephrolithiasis undergoing metabolic assessment, and the chronic effects of altered calcium homeostasis were studied using the models of pseudohypo-and hyperparathyroidism. Chronic disturbances of calcium metabolism would be expected to result in more sustained changes in intracellular calcium concentrations and more profound effects on calcium dependent enzymatic or secretion mechanisms. Parathyroid hormone may also directly increase cell membrane permeability to calcium9 and may therefore act directly to increase intracellular calcium concentrations.
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We therefore tested the hypothesis that acute or subacute changes in acid base or calcium concentrations may influence proinsulin cleavage and glucose homeostasis. Proinsulin cleavage was assessed by measuring intact proinsulin, immunoreactive insulin, and the proinsulin:insulin molar ratio.
Methods

ACID BASE LOADING
Six healthy adult male volunteers were studied for three five day periods. Dietary calcium intake was controlled at 17 mmol/day to avoid any possible interference on the proinsulin cleavage mechanisms by changing dietary serum calcium intake. The three periods were randomly ordered in each subject and comprised: (1) diet; (2) diet plus ammonium chloride 1-78 mmollkg/day; and (3) diet plus sodium bicarbonate 3-56 mmol/kg/day.
A washout period of at least 48 hours was allowed between treatment periods. Capsules and proinsulin concentrations were skewed. Individual results for insulin, proinsulin, and the proinsulin:insulin molar ratio (not shown) showed little variation and no trend in the direction of changes between the different treatment periods.
CALCIUM LOADING
Mean calcium concentrations rose significantly between zero and two hours (2-38 mmol/l at zero hours, 2-49 mmol/l at four hours, and 2-39 mmolI at four hours, p < 0 01 zero to two hours) and were matched by significant falls in parathyroid hormone (median values 1 9 pmol/l at zero hours, less than 0-05 pmoUl at two hours (p < 0 01), and 1H1 pmolI at four hours). Mean glucose results did not rise significantly over the four hours (3 9 mmol/l at zero hours, 4 0 mmol/l at two hours, and 42 mmol/l at four hours). Individual results for proinsulin and insulin are shown in fig 1. Median insulin results varied from 65-1 pmol at zero hours to 58-3 pmol/l at two hours, and 66-6 pmolI at four hours. Proinsulin values varied from 2-4 pmol/I at zero hours, to 2-2 pmol/l at two hours, and 2-2 pmol/l at four hours. The median molar ratios varied from 3-6% at zero hours to 3 8% at two hours, and 3-3% at four hours (not significant).
CHRONIC CALCIUM IMBALANCE
Serum adjusted calcium decreased significantly in hyperparathyroid patients after parathyroidectomy (2.3 v 2-9 mmol/l; p < 0 01). No significant changes in adjusted serum calcium were found in the three patients with pseudohypoparathyroidism after treatment with oral calcium and 1-a-hydroxy cholecalciferol, although calcium concentrations rose in only two of the three cases studied (2-25 v 2-20 mmol/l).
Individual results for fasting insulin and proinsulin concentrations are shown in fig 2 for hyperparathyroid patients. Mean fasting proinsulin concentrations in the hyperparathyroid group were significantly lower than in the other three groups (p < 001) and increased significantly following treatment (p < 005). No significant differences were present between the two groups following treatment. Insulin concentrations were not significantly different before or after treatment in either group, and no consistent trends were observed.
In the pseudohypoparathyroid group (fig 2) there were no trends or significant differences in proinsulin, insulin, or in the proinsulin: insulin molar ratio, before and after treatment (2-5 v 2-9 pmol/l, 87-1 v 71-9 pmol/l, and 2-2 v 3 0%, respectively).
Discussion
Although the enzyme system responsible for proinsulin cleavage is known to be pH dependent, moderate subacute changes in acid-base state in otherwise healthy subjects might have no demonstrable effect on intracellular pH, and therefore on enzymatic cleavage. It 
